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[57] ABSTRACT 
The present invention pertains to a tubular connection 
having a stabilized center-shoulder seal. The stabiliza- 
tion of the center-shoulder seal is achieved using at least 
one run-out section of thread adjacent to the center- 
shoulder seal configuration of each connection member. 
Typically, the at least one run-out section of thread is 
located adjacent the side of the center-shoulder at 
which the connection member wall thickness is less. 
The run-out section of thread is typically used in combi- 
nation with a run-in section of thread on the corre- 
sponding connection member. 

Preferably, the center shoulder seal configuration of 
each connection member is positioned between a 
run-out thread section and a run-in thread section. 
(The corresponding connection member will also 
comprise the corresponding sections of run-in and 
run-out threads, respectively, so there is a set of run- 
in and run-out threads). Even more preferably, in 
addition to the connection having one set of run-out 
and run-in thread sections adjacent to the center- 
shoulder seal, the connection has a second set of 
run-out and run-in threads adjacent to the exterior 
edges of the connection (A double run-out, run-in 
stabilization of the center-shoulder seal). The double 
set of run-out, run-in sections of thread provides the 



The most preferred center-shoulder seal design is a 
"locked double shoulder" design, wherein the cross 
section of the assembled center-shoulder area exhibits 
an interlocking double shoulder configuration. 

107 Claims, 7 Drawing Sheets 
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to obtain strength at the joint without increasing the 
wail thickness (or with a minimum increase thereof) in 
the portion of the pipe in which the screw threads are 
cut. One of the two pipes to be joined is machined on 
BACKGROUND OF THE INVENTION 5 the outside surface of the pin and the other is machined 

1. Field of the Invention on tne inside surface of the box so the two pipes can be 
The present invention relates to tubular connections screwed together to provide what would today be 

of the kind commonly used in the oil industry. In partic- called a slim line connection. The threaded portion of 
ular, the tubular connection of the present invention each pipe is machined on a taper with the depth of the 
comprises a stabilized center-shoulder seal, wherein 10 turns of the threads being the greatest at the center of 
stabilization is provided by specialized thread construe- the threaded portion and decreasing gradually in both 
tions adjacent the center-shoulder seal. The invention directions to vanishing points at the ends of the 
also pertains to a specialized center-shoulder seal de- threaded portions. 

sign. U.S. Pat. No. 2,062,407, issued Dec. 1, 1936 to G. M. 

2. Background Art 15 Eaton et al., discloses a preferred form of pipe joint 
The present invention is applicable broadly for use in wherein the height of the threads in the threaded por- 

joining pipes, couplings and the like, and has particu- tion of the joint is at a maximum in the central area of 
larly been developed for use in oil industry tubular the threaded portion of the joint and decreases gradu- 
connections, since these connections experience more ally in both directions to vanishing points, somewhat 
severe and demanding conditions than those observed 20 similar to the joint described above. However, the 
for other industries and applications. In particular, the thread design differs in that the vanishing of the threads 
trend in the oilfield is to minimize pipe diameter and to corresponds with the intersection of thread fabrication 
conserve borehole diameter. The smaller the diameter lines which are not on]y based on a ^ peT relative to the 
of the borehole for the well, the greater the conserva- pipe longitudinal axis but also a line which is cylindrical 
tion of energy and reduction of drilling costs. However, 25 or ^ tQ (he pjpe , ongitudinal ^ Specifically, the 
m utilizing smaller diameter pipe, it is important that the foot of the thread at the pi exterior edge position of 
connections between adjacent tubular pipes be transpar- the jn is located a] a ]ine , le] wjth the pjpe 
ent in geometry and performance .characteristics i^e. longitudinal axis while the crest of the thread at the 
the geometry and performance characteristics of the ^ lQcation js [Qcated a , a lme at a constant 
connection be substantially the same as that of the tubu- 30 ^ i ongitudina l axis. The root of the thread at 

« if MS. ™S < PiPe nn? n tLt° U Ti^ a P° SItI °" m ° re interior from the ed S e ^ *e pipe is 

fonLctlT ZZt ™trv SS ^ ated alon « a Iine at a COnStant with *e pipe 

connection would have the same geometry as the pipe, , . ,. , . . ., , . . . T 

such as the same inside and oulside diameters," d tongrtuAnal axis while the crest of the thread at he 

would have the same performance characteristics such 35 same location is located on a line of parallel taper to the 

as tension rating, compassion rating, internal and exter- f 00t for a d 't tanCe - ^ly, at the mOSt . mten0r thread 

nal pressure ratings, torsion resistance, and bending location on the pm, the thread r TO t continues on a toper 

resistance for example with the pipe longitudinal axis while the crest of the 

Two types of oilfield connections, namely flush joints thread is constructed along a line parallel with the pipe 

and slim line connections, have been utilized to con- 40 longitudinal axis. Thus, at both the exterior and interior 

serve hole diameter. The outer diameter of a flush joint ed S es of tile threaded connection, the thread disappears 

connection is generally the same as the outside diameter where thread root and thread crest intersect. The 

of the tubular pipe. The outside diameter of a slim line th read construction of the box is complimentary to that 

connection is generally 2 to 3.5% greater than that of ° f th e pin so the two threaded members can be interen- 

the pipe. Although the objective of such prior art pipe 45 gaged. 

has been to achieve total geometric and performance U.S. Pat. No. 3,109,672, issued Nov. 5, 1963 to Wil- 

characteristic transparency, such has not been possible. ham F - Fra nz describes a threaded pipe joint compns- 

Often, the performance characteristics of prior art pipe ing a pipe member having a cylindrical outer surface 

have been sacrificed to achieve greater geometric trans- and a tapered buttress thread at the end thereof vanish- 

parency. 50 ' n g along the outer cylindrical surface, providing a 

Various standards have been set for evaluating the length of fully formed and a length of vanishing threads, 
efficiency of a pipe connection. One such efficiency is The complementary coupling member having thread 
determined by the load capacity of the pipe and pipe machined on the internal surface thereof exhibits a full 
connection in the axial direction. This tension efficiency height tapered thread throughout the entire length 
is calculated by comparing the fracture strength of the 55 thereof. The complementary threads on each member 
connection with the fracture strength of the tubular have following flanks in bearing relationship and sub- 
pipe. Most prior art flush joint and slim line connections stantially normal to the longitudinal axis of the joint and 
achieve an efficiency in the range of 65% to 75%. This leading flanks in bearing relationship, which leading 
efficiency, of course, varies with the type of connection, flanks have a larger flank angle than the following 
the pipe diameter and thickness, and the method of 60 flanks. Crests and roots are truncated to provide flat 
manufacture of the connection. crests and roots which are parallel to the longitudinal 

Prior art connections include the basic elements of axis of the joint. Crest truncations of fully formed 

threads, shoulders, and seals. The following prior art threads exceed root truncations to provide a predeter- 

patents describe various features which have been used mined amount of void between the crests and roots of 

to produce flush and slim-line connections. 65 the complementary threads throughout the length of 

U.S. Pat. No. 1,927,656, issued Sep. 19, 1933 to G. M. the joint when the pipe and coupling are in hand tight 

Eaton et at., describes a pipe joint for fastening together engagement. After power make-up, the crests of the 

the consecutive pipe lengths of a pipe string in a manner coupling threads engage the roots of the vanishing pipe 
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threads, but voids still remain between crests and roots U.S. Pat. No. 4,161,332, issued Jul. 17, 1979 to 

of the fully formed threads, thus preventing the devel- Thomas L. Blose describes a pipe joint including pin 

opment of deleterious hoop stresses at the end of the and box members having interengaged two-step threads 

coupling during power make-up. and interengaged annular shoulders. One of the annular 

U.S. Pat. No. 3,989,284, issued Nov. 2, 1976 to 5 shoulders of the connection is located axially between 

Thomas L. Blose (see also Re. 30,647, issued Jun. 16, the first and second pair of threads. This shoulder is 

1981) describes a tubular connection (pipe joint) de- constructed so that the pin member stab flank of the 

signed to produce hoop tension in the pin member and shoulder is at a negative angle to the pipe longitudinal 

hoop compression in the box member, the connection axis (preferably at about 5 degrees) to provide a semi- 
exhibits threads having a dove-tail interfit. To achieve ,0 dovetail interfit of the shoulder on makeup of the joint, 

the dove-tail interfit, the angles formed between the The P in member threads in general exhibit a negative 

thread flanks and the root wall of the thread are less angle load flank (preferably about 15 degrees) and a 

than about 85 degrees (i.e. the flank angles are negative negative stab flank angle (typically about 30 degrees), to 

angles of at least 5 degrees with a line perpendicular to provide a semi-dovetail interfit with corresponding box 

the baseline at the root of the thread). In another em- 15 threads; the pin member stab flank is typically not en- 

bodiment of the invention, the threads exhibit a nega- gaged, there being about 0.020 inches clearance with 

tive angle of at least 5 degrees on the load flank of the the corresponding box threads on normal make-up. 
pin member, with the stab flank being at 90 degrees with US - PaL No - 4,398,756, issued Aug. 16, 1983 to 

(perpendicular to) the baseline of the root of the thread. Duret et at - describes a cylindro-conical pipe joint 

The pin thread stab flank is the thread flank which is on 20 wherein approximately 15% to 25% of the joint is 

the leading edge as the pin is telescoped (stabbed) into threaded upon a continuous construction line which is 

the box. The load flank is the trailing flank of the thread. at a to the 'ongitudmal axis of the pipe, with the 

In all cases, the threads are designed with clearances remaining approximately 75% to 85% of the threaded 

such that there is a dove-tail interfit between pin and portl0n of th f.J 0lnt threaded upon a continuous 

box drawing the pin wall outwardly and the box wall 25 constr ^ tlon >«* P»»ljel to the longitudinal axis of the 

inwardly to produce hoop tension in the pin member fPf " 7116 P° sltlon °J. the fading which is on a taper 

and hoop compression in the box member in a made up t0 , the , ^^al axis is that which forms the 

connection, i.e there is a wedging interfit of threads in f " [ y £ the , connection wh f" the P» ^ b °* are 

the made up joint t,ally telesco P ed together. Thus, clearance is pro- 
Each thread member is disclosed in the '284 Blose 30 ^ the ^ °f the b °* "^1 ^ ^ 

patent as having progressively changing axial width SSthe S ' 

along subsuintia.lv the entire helical length thereof. Tl£t No . 4^91 f 9 f issued May 27, !986 to Che- 

Although the preferred embodiment appears to have , ette et ^ disdoses a cent£r should * r S£a , , ocated be _ 

he threads constructed on a Ime parallel to the pipe 35 tween two tbmded iom of a { joj wherein 

ongitudmal axis the possibly is disclosed of havmg the threaded portions ^ re stepped j, constructed 

the threads constructed on a line having constant taper on a ]ine J e} to ^ fongitudinal axis of the pipe. The 

from the pipe .ongitudmal axis. Also described is the use center sh P oulder seal i$ fabricated so ^ in of 

of an mner shoulder seal between threaded sections of the seal contains an undercut whjc P h ^ ^ 

the connection. In one embodiment, the inner shoulder 40 in combination with a sealing ring of rigid lastic or 

seal is placed between two thread sections which fal on nMxr material t0 provide a g sea , L pabl f o/retaining 

two different lines, each parallel to the pipe longitudinal not gases or liquids 

axis, creating a multiple-step thread with an inner shoul- u s . Pat . No . 4,571,544, issued Jun . % m7 to Dona i d 
der seal. The inner shoulder seal is shown and described j. Ortloff discloses a threaded pipe connection having 
as having a major mating (sealing) surface which is 45 ^ portions of ^ ered threads with ^ d sealin 
parallel to the pipe longitudinal axis or a major mating surfaces located between the threaded portions. The 
(sealing) surface which is at an axial taper. topered sealin surfaces en a resiIient seaI member 
U.S. Pat. No 4,009,893, issued Mar. 1, 1977 to Schat- located in a groove about midway between the ends of 
ton et al., discloses box and pin members having two one of the seal member surfaces; when the joint is made 
axially spaced thread sections being separated by a ra- 50 up> the sealing surfaces form independent metal-to- 
dial step zone which includes, for one member, e.g. the m etal seals on both sides of the resilient seal member. In 
pin member, an annulus having an axial undercut, a a preferred embodiment, the threaded portions are in 
frusto-comcal end face and a radially outward bulging the form of two steps, one on each side of the center 
peripheral surface, which sealingly engages a slightly sea ling surface described above; the threads are wedge- 
contoured surface of the box member in the step zone, 55 shaped threads that increase in width progressively in 
while the end face of the annulus bears against a com- one direction within each step of threads, 
plementary, slightly contoured face in the step zone of U.S. Pat. No. 4,676,529, issued Jun. 30, 1987 to Pat- 
the box member. These stop faces supplement comple- rick E. McDonald describes a pipe joint wherein the pin 
mentary thread stop faces respectively at the end of the and box members have two stepped portions of threads, 
pin member and box member. It is advised that a flat 60 each constructed on a line parallel with the longitudinal 
annulus having good sliding properties, such as teflon, nxis of the pipe, and having metal-to-metal sealing sur- 
be interposed between the pin member annulus end face faces located between the threaded portions. The seal- 
and the complementary bearing face of the box mem- ing surfaces provide three engaging shoulders between 
ber. In one embodiment, there is a space between the the pin and box; the two sets of outer shoulders have 
pin member annulus end face and the complementary 65 space between them at the time the set of inner shoul- 
bearing face of the box member, and a sealing sleeve is ders is in contact. Between the set of inner shoulders 
interposed to fill this space and the undercut space of and each set of outer shoulders, there is a groove; in one 
the pin member annulus. location the groove is in the box portion of the connec- 



tion and in the other location the groove is in the pin 
portion of the connection. When the connection make 
up torque is beyond the yield point of the metal of the 
set of inner shoulders, the metal extrudes into the 
grooves in the box and pin members to form interlock- 5 
ing surfaces which hold the box and pin from relative 
rotation. 

U.S. Pat. No. 4,703,954, issued Nov. 3, 1987 toOrtloff 
et al. describes a threaded pipe connection comprising a 
box having tapered internal threads and a pin having 10 
tapered external threads, wherein the threads are dove- 
tail shaped in cross section (wedge shaped thread) and 
increase in width in one direction on the box and in the 
other direction on the pin. This design is improved over 
that described in U.S. Pat. No. 3,989,284 (Re. 30,647) in 15 
that high stress concentrations are avoided in the box 
between the first thread and the end of the box by mak- 
ing the length of the box between the first thread and 
the end of the box equal to or greater than 5% of the 
pipe diameter and by providing clearance between the 20 
crest of the first full thread on the box and the root of 
the last thread on the pin and between the crest of the 
last full thread on the pin and the root of the first full 
thread on the box. 

U.S. Pat. No. 4,753,460, issued Jun. 28, 1988 to Law- 25 
rence Y. Tung, discloses a tubular connection having a 
small diameter thread set and a large diameter thread 
set, the small thread set having a lesser number of 
threads than the large set. A primary torque shoulder is 
located between the thread sets and a secondary torque 30 
shoulder is located behind the large thread set. In the 
preferred embodiment, the initial partial thread on the 
pin of both sets and the last partial thread of the small 
set on the box has a cylindrical root contour (the root 
contour is constructed on a line parallel with the longi- 35 
tudinal axis of the pipe), whereas the remainder of 
threads exhibit a tapered root contour. The longitudinal 
taper angle of the pin thread sets are dissimilar to the 
box thread sets, there being a maximum separation of 
the sets near the center of the connection. At the center, 40 
a seal is provided; the last threads adjacent to the center 
shoulder on the threaded sets are hooked (the angle of 
the pin load flank is negative with respect to the pipe 
longitudinal axis). In all embodiments described, the 
threads exhibit a negative load flank and a positive stab 45 
flank. The center shoulder area of the pin exhibits two 
flanks, one of which is positive (near the small diameter 
step of threads) and one of which is negative (near the 
center of the shoulder and about midway between the 
two steps of threads). 50 

U.S. Pat. No. 4,917,409, issued Apr. 17, 1990 to Doyle 
E. Reeves describes a threaded connection employing a 
tapered, wedge shaped thread. The threads increase in 
width in one direction on the box and in the other direc- 
tion on the pin. The improvement over the prior art 55 
appears to be in the ability of the thread design to be 
used with pipe thread lubricants; to accommodate such 
lubricants, the thread is designed "with the stab flanks 
and the roots and crests being designed to move into 
sealing engagement before both the load flanks and the 60 
stab flanks move into sealing engagement after which 
the flanks will move together and form seals to com- 
plete the sealing of the connection as the connection is 
fully made up" (in the power tight position). This is 
accomplished by increasing the axial thread width at 65 
the widest portion in the thread to approximately four 
times the thread width at the narrowest portion of the 
thread, and by eliminating radial clearance when the 



joint is made up hand tight, i.e. the thread roots and 
thread crests of the corresponding box and pin threads 
come into interference contact prior to the connection 
being placed in the power tight position. 

The present invention overcomes the deficiencies of 
the prior art connections and particularly achieves 
greater performance characteristic transparency with- 
out sacrificing geometric transparency. 

DEFINITIONS 

For convenience and accuracy of description, the 
following definitions have been adapted for use in de- 
scribing the connection of the present invention. 

The "pin member" of a connection is understood to 
mean the male portion of a tubular member which is 
threaded on its external surface to be interengaged with 
threads on a box member to provide a connection. 

The "box member" of the connection is understood 
to mean the female portion of a tubular member which 
is threaded on its internal surface to be interengaged 
with threads on a pin member to provide a connection. 

A connection having a "two-step thread" is under- 
stood to mean a connection having two threaded por- 
tions wherein one threaded portion has a greater radius 
from the longitudinal axis of the pipe than the other 
threaded portion. 

A "center shoulder seal" is understood to mean a 
section of a connection disposed between at least two 
threaded portions, which section exhibits directly con- 
tacting surfaces between the pin and box members, or 
between the pin and box members and a third compo- 
nent such as an annular sealing sleeve, so that the sec- 
tion provides a seal for preventing the passage of fluid 
through (across the threads of) the assembled connec- 

A "thread root" is understood to mean the thread 
location at which the wall of the tubular member has 
been machined away to its maximum depth. The thread 
root defines the major diameter of a box thread and the 
minor diameter of a pin thread. 

A "thread crest" is understood to mean the thread 
location at which the wall of the tubular member has 
been machined to its minimum depth (in some cases, 
none of the wall will have been machined away at the 
crest of the thread). The thread crest defines the major 
diameter of a pin thread and the minor diameter of a box 

A "run-out thread" is understood to mean a portion 
of thread having its roots machined on a taper with 
respect to the longitudinal axis of the tubular member, 
but having its crests machined parallel to the longitudi- 
nal axis of the tubular member; gradually the construc- 
tion (machining) lines of the crests and roots of the 
thread intersect and the thread disappears. In an assem- 
bled tubular connection, a run-out thread on a pin mem- 
ber or box member typically corresponds with a run-in 
thread on the corresponding box member or pin mem- 
ber, respectively. 

A "run-in thread" is understood to mean a portion of 
thread having its roots machined parallel to the longitu- 
dinal axis of the tubular member, but having its crests 
machined on a taper with respect to the longitudinal 
axis of the tubular member; from an initial point, the 
construction lines of the crests and roots of the threads 
diverge, ultimately achieving a full height thread. In an 
assembled tubular connection, a run-in thread on a pin 
member or box member typically corresponds with a 
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run-out thread on the corresponding box member or pin section of thread on the corresponding connection 
member, respectively. member. However, a run-out section of thread can be 

A "thread stab flank" is understood to mean the more used in combination with a full height lead-in thread on 
forward or leading flank of the thread when the pin is the corresponding connection member, 
telescoped into the box. 5 Preferably, a run-out section of thread and a run-in 

The "thread load flank" is understood to mean the section of thread are used together on the same connec- 
trailing flank of a thread upon telescoping of the pin into tion member, with the center shoulder configuration 
the box. located between the two sections of thread. The corre- 

A thread "flank angle" is understood to mean the sponding connection member will also comprise the 
angle formed between the thread flank and a line con- 10 corresponding sections of run-in and run-out threads, 
structed at the root of the thread flank, which line is respectively, so there is one set of run-in and run-out 
perpendicular to the longitudinal axis of the connection threads. Even more preferably, in addition to the con- 
tubular). For ease in understanding, flank angles are nection having one set of run-out and run-in thread 
defined in geometric terminology. For example, a posi- sections adjacent to the center shoulder seal, the con- 
tive flank angle is one wherein rotation of the perpen- 15 nection has a second set of run-out and run-in threads 
dicular line toward the thread flank is in a clockwise adjacent to the terminal ends of the connection. A dou- 
direction, and a negative flank angle is one wherein ble set of run-in, run-out thread sections stabilizes the 
rotation of the perpendicular line toward the thread center shoulder seal and the entire connection. The 
flank is in a counter-clockwise direction. double set of run-in, run-out sections of threads also 

A "corresponding connection member portion" is 20 provides the most efficient connection, 
understood to mean the portion of a connection mem- When a connection member exhibits a single run-out 
ber in contact with the member being discussed, upon thread adjacent to one side of the center shoulder con- 
assembly of the connection. For example, when a por- figuration and a full height lead-in thread adjacent to 
tion of the pin member of the connection is discussed, its the other side of the center shoulder configuration (with 
corresponding connection member portion is the por- 25 corresponding thread sections on the other connection 
tion of the box member which will be in contact with member), a relief groove is typically disposed between 
that portion of the pin member upon assembly of the the center shoulder configuration and the full height 
connection. thread. The relief groove permits proper interengage- 

"Complernentary engagement" is understood to ment of the threads upon assembly of the connection 
mean the interengagement of corresponding members 30 and facilitates machining of the full height lead-in 
wherein both corresponding members are threaded in thread. When a single set of run-out, run-in threads is 
sections having essentially equal thread section length used, with the center shoulder seal located between 
on each member, and wherein the entire height of them, or when a double set of run-out, run-in threads is 
thread on at least one member per threaded section is used, it is typically not necessary to use such a relief 
completely encompassed within the thread height of the 35 groove. 

other corresponding member threaded section. The most preferred center shoulder seal design is a 

A "lead-in thread" is understood to mean a portion of "locked double shoulder" seal which provides an inter- 
full height threads which are machined on a taper to the locking design, wherein a longitudinal cross section of 
longitudinal axis of the tubular member and having the assembled pin and box contacting surfaces (in the 
individual roots with surfaces parallel to the tubular 40 center shoulder area) exhibits a reverse block S shape 
longitudinal axis. In an assembled tubular connection, a having extended tails on the S. Typically the assembled 
lead-in thread on a pin member or box member corre- locked double shoulder configuration cross-section is 
sponds with a run-out thread on the corresponding box two to three times as "high" in the radial direction 
member or pin member, respectively. (perpendicular to the tubular longitudinal axis) as it is 

cttx*xx a d v i->c -t-uc ixn/cxmnxi 45 "wide" in the axial direction (parallel to the connection 

SUMMARY OF THE INVENTION longitudinal axis). In addition the height is typically J 

In accordance with the present invention, a tubular to i of the pipe body wall thickness. This seal design 
connection comprising at least two connection mem- provides two (2) metal-on-metal sealing surfaces and 
bers and a center shoulder seal has been developed in a three (3) zero clearance sealing surfaces, on normal 
manner which provides stabilization of the center shoul- 50 assembly. 

der seal and improved efficiency (strength of connec- Although the locked double shoulder center seal is 
tion/strength of tubular) of the connection. preferred, other center shoulder designs which are 

Although the present invention can be applied to known in the art can also be stabilized using the run-out, 
connections comprising tubulars and couplings, the run-in thread constructions described above adjacent to 
most frequent use of the invention will be in the form of 55 the center shoulder. Examples of other shoulder designs 
a tubular connection comprising two connection mem- which can be stabilized include, not by way of limita- 
bers, and thus the invention is described in this form tion, square shoulder; hook shoulders (wherein the 
below. shoulder exhibits at least one negative angle relative to 

With reference to a tubular connection comprising the connection longitudinal axis; square shoulders with 
two connection members, namely a pin member and a 60 a frustrum seal; annular shoulders (shoulder on a taper 
box member, the stabilization of the center shoulder seal with the connection longitudinal axis); shoulders com- 
is achieved using at least one run-out section of thread prising grooves or an annulus having an axial undercut 
adjacent to the center shoulder configuration of each which employ a sealing sleeve, ring or annulus; and 
connection member. Typically, the at least one run-out shoulders designed to extrude a portion of their mass 
section of thread is located adjacent the center shoulder 65 laterally into adjacent grooves upon assembly of the 
configuration on that portion of the connection member connection. 

at which the wall thickness is less. The run-out section The profile of the individual thread which can be 
of thread is typically used in combination with a run-in used to make up the run-out, run-in thread sections is 
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preferably selected from the group comprising double shoulder center-shoulder seal of the assembled connec- 

hook thread and single hook thread; although other tion shown in FIG. 1A. 

thread profiles standard in the industry can be used. FIG. 4B shows a schematic of a longitudinal cross- 

The double hook thread profile is preferred in terms sectional view of the pin member of FIG. 4A. 
of mechanical performance. The double hook thread 5 FIG. 4C shows a schematic of a longitudinal cross- 
exhibits a negative load flank angle and a positive stab sectional view of the box member shown in FIG. 4A. 
flank angle. A double hook thread profile in which the FIG. 5A shows a schematic of a longitudinal cross- 
absolute sum of the load and stab flank angles (indepen- sectional view of a portion of a section of double hook 
dent of the sign of the load and stab flank angles) totals thread profile of the present invention having a negative 
less than about 20 degrees will function well in the 10 load flank angle and a positive stab flank angle, 
present invention. Preferably, the negative load flank FI G- 58 shows a schematic of a longitudinal cross- 
angle does not exceed about 8 degrees and the positive sectional view of a single hook thread profile of the 
stab flank angle does not exceed about 4 degrees. Most P resent invention having a negative load flank angle and 
preferably, the negative load flank angle ranges from zero de S ree ( n S ht an S le ) stab flank - 
about zero degrees to less than 5 degrees and the posi- 15 FIG - 5C shows a schematic of a longitudinal cross- 
tive stab flank angle ranges from about zero degrees to sectional view of a conventional single hook thread 
less than 2 degrees, with the absolute sum of the angles P roflle of the P resent invention having a negative load 
being less than 5 degrees. fla ^f^ * M 6 a * ve stab fl f ank ] ang . lf \ . , 

The single hook thread comprises a negative load FIG. f D shows a thematic of a longitudinal cross- 
flank angle ranging from about zero degrees to about 15 20 se f ct ' onal vlew °f a P^ferred double hook thread profile 
degrees and a stab flank angle ranging from zero de- of the P r ^ nt m ^ ent ' on havin S ^negative load flank 
grees to a negative angle of about 35 degrees. Prefera- an 8 le ™*. a stab flank wh,ch ,s sh S htIv P° slt,ve - 
bly the negative load flank angle is less than 5 degrees ^tel^f^c of a longitudinal cross- 
ed he negate sfcb flank angle is less than 20 degrees. yiew connection of FIG. 2, 
Most preferably, the negat.ve load flank angle ranges ^ ^ ^ h th( T double hook thread 
from about zero degrees to about 4 degrees- with the fi]e shQwn jn FIG gA and havi djffer£nt )eads m 
absolute sum of the two angles being less than 5 degrees. , oad ^ stab flankS; thereby producing a variable 
BRIEF DESCRIPTION OF THE DRAWINGS thread crest/root width on each thread. 
_ T _ . . . . .... j. , 30 FIG. 6B shows a schematic of a longitudinal cross- 

FIG. 1A shows a schematic of a longitudinal cross- sectiona , view ofa rtion of the double hook threaded 

sectional view of one embod.ment of the assembled ffle of tn£ in and box members shown jn FIG 6A 

connection of the present invention, wherein the con- FIG. 7A shows a schematic of a longitudinal cross- 

nection composes a locked double shoulder center- sectional view of the assembled connection of FIG. 3, 

shoulder seal, a single run-out thread section on the pin 3S but with the thread havlng the single hook thread pro . 

member adjacent one side of the center shoulder seal fj] e s h 0 wn in FIG. 5B. 

and a full height lead-in thread section on the pin mem- FIG. 7B shows a schematic of a longitudinal cross- 

ber adjacent the other side of the center shoulder seal, sec tional area of a portion of the single hook thread 

with corresponding thread configurations on the box profl i e of the pin ^ box me mbers shown in FIG. 7A. 

member. 40 

FIG. IB shows a schematic of a longitudinal cross- 
sectional view of the pin member shown in FIG. 1A. 

FIG. 1C shows a schematic of a longitudinal cross- The tubular connection of the present ii . 

sectional view of the box member shown in FIG. 1A. applicable broadly for use in joining pipes, couplings 

FIG. 2A shows a schematic of a longitudinal cross- 45 and the like, but will be described in terms of oil indus- 

sectional view of a second embodiment of the assem- try tubular connections, since this is one of the highest 

bled connection of the present invention wherein the va i ue US es for the invention. In particular the invention 

connection comprises a locked double shoulder center- ; s most typically used in flush joint or slim line tubular 

shoulder seal and a set of run-out and run-in thread connections, where it is desired to minimize any varia- 

sections on each side of the center shoulder seal. 50 tion in the outside and inside diameter dimensions be- 

FIG. 2B shows a schematic of a longitudinal cross- tween the connections and the assembled tubular mem- 
sectional view of the pin member shown in FIG. 2A. bers. The two major uses for the connection of the 

FIG. 2C shows a schematic of a longitudinal cross- present invention are as a flush joint liner, typically 

sectional view of the box member shown in FIG. 2A. having a flush outside diameter, and a liner tie-back, 

FIG. 3A shows a schematic of a longitudinal cross- 55 typically a formed connection having a maximum of 
sectional view of a third embodiment of the assembled +3.5% variation in outside diameter, 
connection of the present invention, wherein the con- The tubular connection of the present invention uti- 
nection comprises a locked double shoulder center- lizes a center seal (between at least two threaded sec- 
shoulder seal and a double set of run-out and run-in tions of connection) to prevent fluids (liquids or gases) 
thread sections, with one set being adjacent to the cen- 60 from passing through (across the threads of) the con- 
ter-shoulder seal and the other set being disposed at the nection. The preferred embodiments of the invention 
terminal ends of the pin and box members. will be described as having a locked double shoulder 

FIG. 3B shows a schematic of a longitudinal cross- center shoulder seal, which will be described in detail 

sectional area of the pin member shown in FIG. 3A. subsequently. However, other center seal designs such 

FIG. 3C shows a schematic of a longitudinal cross- 65 as, for example, square shoulder, hook shoulder, square 

sectional view of the box member shown in FIG. 3A. shoulder with frustrum seal, and annular shoulder can 

FIG. 4A shows a schematic of an enlarged view of be used in the stabilized center-shoulder-sealed tubular 
the longitudinal cross-section of the locked double connection of the present ir 
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In accordance with the present invention, the center shoulder configuration 108 on box member 106. The 
shoulder seal is stabilized so that it can withstand vari- center-shoulder-seal-stabilizing thread sections (run-out 
ous forces placed on the assembled length of tubulars thread sections) on each connection member are located 
without significant damage to and/or leakage through on pin member 102 at 110 and on box member 106 at 
the seal. The stabilization is provided by using various 5 114. With reference to pin member 102, run-out thread 
combinations of thread sections adjacent to the center section 110, adjacent shoulder seal configuration 119, 
shoulder seal. In particular, stabilization of the center extends from position 109 adjacent seal configuration 
shoulder seal is achieved using at least one run-out sec- 119 to intersect full height tapered thread section 126 
tion of thread adjacent to the center shoulder seal con- which extends to pin 102 leading terminal end 105. With 
figuration of each connection member. The run-out 10 reference to box member 106, run out thread section 
section of thread on one connection member is typically 114, adjacent shoulder seal configuration 108, extends 
used in combination with a run-in section of thread on from position 117 adjacent seal configuration 108 to 
the corresponding connection member. However, a intersect full height tapered thread section 128 which 
run-out section of thread on one connection member extends to box 106 leading terminal end 115. The corn- 
can be used in combination with a full height lead-in 15 plementary thread section which interengages run-out 
thread on the corresponding connection member. thread section 110 on pin member 102 is full height 

FIGS. 1, 2, and 3 illustrate three different preferred lead-in thread section 112 on box member 106. The 
embodiments of the connection of the present inven- complementary thread section which interengages run- 
tion. Each of the three preferred connections 100, 200, out thread section 114 on box member 106 is full height 
and 300, of FIGS. 1, 2 and 3, respectively, have certain 20 lead-in thread section 116 on pin member 102. The full 
common features which will now be described with height lead-in thread sections 112 and 116 on box mem- 
respect to embodiment one of FIG. 1. Referring now to ber 106 and pin member 102, respectively extend as full 
FIGS. 1A, IB and 1C, the pipe joint or threaded con- height thread sections 124 and 122, respectively, pro- 
nection of the present invention, generally designated viding full height tapered threads to the end of these 
100 in FIG. 1A, includes a pin member 102 formed on 2S threaded sections at 123 and 113, respectively. The 
the end of tubular member 103 and a box member 106 taper on threaded sections extending from leading ter- 
formed on the end of another tubular member 107. minal ends 105 and 115 of pin 102 and box 106, respec- 
Either one or both of the tubular members 103, 107 tively, is slightly greater than the taper on threaded 
define a longitudinal axis 14 (see FIGS. 6A or 7A) sections 112-124 and 116-122, which extend toward the 
which is the longitudinal centerline of the connection 30 trailing terminal ends 123 and 113 of box 106 and pin 
100. The box member 106 has an internal thread struc- 102, respectively. 

ture formed therein and is adapted to interengage a Upon assembly of connection 100, run-out thread 

complementary external thread structure formed on pin section 110 of pin member 102 is interengaged with full 
member 102, for mechanically connecting tubular mem- height lead-in thread section 112 of box member 106 
bers 103 and 107 which form a part of a string of tubular 35 and full height thread section 126 of pin member 102 is 
pipe (not shown). Connection 100 further includes a interengaged with the full height thread section 124 of 
center shoulder seal 104 located at approximately the box member 106. Upon assembly of connection 100, 
longitudinal mid-point of connection 100. The external run-out thread section 1 14 of box member 106 is interen- 
thread structure of the pin member 102 extends from its gaged with full height lead-in thread section 116 of pin 
pin nose or leading terminal end 105 to a location 109 40 member 102 and full height thread sections 128 of box 
adjacent first center shoulder configuration 119 and member 106 interengage with full height thread section 
then continues on the other side 111 of first center 122 of pin member 102. 

shoulder configuration 119 to the end of the external Pin member 102 comprises a thread relief groove 118 
threads at the trailing terminal end 113 of connection between full height lead-in thread section 116 and first 
100. The complementary internal thread structure of 45 center-shoulder configuration 119. Corresponding box 
the box member 106 extends from the box leading termi- member 106 comprises a thread relief groove 120 be- 
nal end 115 to a location 117 adjacent second center tween full lead-in thread section 112 and second center- 
shoulder configuration 108 and then continues at the shoulder configuration 108. The thread relief groove 
other side 121 of second center shoulder configuration facilitates machining the full height lead-in threads 116, 
108 to the end of the internal threads at trailing terminal 50 122 on pin member 102 and 112, 124 on box member 
end 123 of connection 100. 106, and enables complete complementary engagement 

The center shoulder seal shown on connection 100 at of any corresponding thread profile. Relief grooves 118, 
104 disposed between matched sets of connection 120 also provide a depository for thread compound and 
threaded sections prevents fluids (liquids or gases) from ensure that there is no hydraulic lockup of the thread, 
passing through (across the threads of) the connection. 55 Helical full height thread sections 112-124 and 
The preferred embodiments of the invention will be 116-122 are machined on a constant taper relative to the 
described as having a locked double shoulder center longitudinal axis of connection 100. Helical full height 
shoulder seal, which will be described in detail subse- thread sections 126 and 128 are also machined on a 
quently. However, other center seal designs such as, for constant taper relative to longitudinal axis 14 of connec- 
example, square shoulder, hook shoulder, square shoul- 60 tion 100. However, the taper of these latter thread see- 
der with frustrum seal, and annular shoulder can be tions is greater than the taper of their corresponding 
used in the stabilized center-shoulder-sealed tubular member thread sections 112-124 and 116-122, respec- 
connection of the present invention. tively, to provide reduced stress at the terminal ends of 

Referring again to FIG. 1, which illustrates embodi- connection 100 upon assembly. Thread sections 110 and 
ment one of the present invention, tubular connection 65 114 are run-out thread sections which are machined 
100, the center shoulder seal 104 is a locked double having thread crest construction lines parallel to longi- 
shoulder made up from a first center shoulder configu- tudinal axis 14 of connection 100 and having thread root 
ration 119 on pin member 102 and a second center construction lines machined on the constant taper with 
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respect to the longitudinal axis. However, individual 
crest surfaces (with the exception of run-in truncated 
threads) and individual root surfaces are machined par- 
allel to the connection longitudinal axis. 

Upon assembly, the interengaged connection 100 5 
exhibits complete complementary engagement of run- 
out thread sections 110 and 114, each located on that 
side of center-shoulder seal 104 at which each connec- 
tion member wall thickness is less, namely thin wall 
sections 130, 132, respectively. In addition, a slight 10 
interference fit is provided in the threads to assure maxi- 
mized interengagement of the threads. In an interfer- 
ence fit, at corresponding engagement points on the pin 
and box members 102 and 106, the pin member 102 is 
machined slightly larger than the box member 106. 15 
Interference fit tapered threads are well established in 
the art. Complete complementary engagement of the 
run-out thread section provides a more efficient connec- 
tion by completely using the available thread flank bear- 
ing surfaces, while simultaneously providing limitation 20 
of the stresses generated at the thin wall sections 130 on 
pin member 102 and 132 on box member 106. In addi- 
tion, the run out thread sections at these locations on the 
pin and box members permit maintenance of maximum 
connection wall thickness in the areas, adjacent center 25 
shoulder 104, thereby providing a more efficient con- 
nection. 

For purposes of illustration, embodiment one of the 
invention has been shown in FIG. 1 with a single hook 
thread profile having a negative load flank angle and a 30 
negative stab flank angle; the crests and roots of individ- 
ual, full height threads are parallel to the connection 
longitudinal axis. Thread profiles other than a single 
hook can be used as well, as hereinafter described. 

For purposes of comparison with the prior art, em- 35 
bodiment one of the present invention, in the structure 
of a +3 percent over pipe body diameter, formed-box 
slim line connection, exhibits an efficiency (strength of 
connection (joint)/strength of pipe) of about 85%, com- 
pared with the best known +3 percent formed box 40 
connection in the industry, which exhibits an efficiency 
of only about 75%. When the structure is a flush-joint 
connection, embodiment one of the present invention 
provides an efficiency of about 75% compared with the 
best known-in-the industry flush-joint connection effi- 45 
ciency of 65%. 

Referring now to FIG. 2A, which illustrates embodi- 
ment two of the present invention connection, tubular 
connection 200 is made up from pin member 202 ma- 
chined on the exterior end of tubular 203 and from box 50 
member 206 machined on the interior end of tubular 
207. The center shoulder seal 204 of tubular connection 
200 is a locked double shoulder configuration, formed 
from a first center shoulder configuration 219 on pin 
member 202 and from second center shoulder configu- 55 
ration 208 on box member 206. 

FIG. 2B, which shows pin member 202, comprises 
run-out thread section 210 which extends from a loca- 
tion 209 adjacent first center shoulder configuration 219 
on the thin-walled portion 230 of pin member 202 to 60 
thread section 226 of full height tapered thread which 
extends to leading end 205 of pin member 202. Pin mem- 
ber 202 also comprises run-in thread section 216 which 
extends from a location 211 adjacent first center shoul- 
der configuration 219 on the thick-walled portion of pin 65 
member 202 to thread section 212 of full height tapered 
thread which extends to trailing end 213 of pin member 
202. 



FIG. 2C, which shows box member 206, comprises 
run-out thread section 214 which extends from a loca- 
tion 217 adjacent second center shoulder configuration 
208 on the thin-walled portion 232 of box member 206 
to thread section 228 of full height tapered thread 
which extends to leading end 215 of box member 206. 
Box member 206 also comprises run-in thread section 
222 which extends from a location 221 adjacent second 
center shoulder configuration 208 on the thick-walled 
portion of box member 206 to thread section 224 of full 
height tapered thread which extends to trailing end 223 
of box member 206. 

Upon assembly of connection 200, run-out thread 
section 210 of pin member 202 interengages run-in 
thread section 222 of box member 206 and full height 
threads 226 of pin member 202 interengage full height 
threads 224 of box member 206. In addition, run-out 
thread section 214 of box member 206 interengages 
run-in thread section 216 of pin member 202 and full 
height thread section 228 of box member 206 interen- 
gages full height thread section 212 of pin member 202. 

Helical full height thread sections 2 12 and 226 on pin 
member 202 and full height thread sections 224 and 228 
on box member 206 are machined on a constant taper 
with respect to the longitudinal axis of connection 200, 
but having the individual surfaces of their roots and 
crests parallel to the longitudinal axis of connection 200. 
Run-out thread section 210 on pin member 202 has its 
minor diameter (roots) machined on a continuation of 
the constant taper of the minor diameter of adjacent full 
height thread section 226, while its major diameter 
(crests) is machined parallel to the connection 200 lon- 
gitudinal axis. Run-in thread section 216 on pin member 
202 has its minor diameter (roots) machined parallel to 
the connection 200 longitudinal axis, while its major 
diameter (crests) is machined as a continuation of the 
constant taper of the major diameter of adjacent full 
height thread section 212. Corresponding run-out and 
run-in thread sections of box member 206 are con- 
structed in like manner, with the roots forming the 
major diameter and the crests forming the minor diame- 
ter. As with connection 100 shown in FIG. 1, the tapers 
of full height threaded sections 226 of pin 202 and 228 of 
box 206 are greater than the tapers of corresponding full 
height thread sections 224 of box 206 and 212 of pin 202, 
respectively. 

Also, for purposes of illustration, embodiment two of 
the invention has been shown in FIG. 2 with a single 
hook thread profile having a negative load flank angle 
and a zero degree stab flank angle; however, other 
thread profiles can be used as well as hereinafter de- 
scribed. 

In embodiment two, wherein a set of run-out, run-in 
thread sections is used adjacent each side of the center- 
shoulder seal 204, there is minimal unused (nonengaged) 
thread surface in the assembled thread sections. The 
connection 200 exhibits complete complementary en- 
gagement of the corresponding run-out and run-in 
thread section pairs, making these tapered threads 
highly efficient and providing even greater stabilization 
of the center-shoulder seal 204 than that provided in 
embodiment one shown in FIG. 1. 

For comparison purposes with the prior art, embodi- 
ment two of the present invention shows approximately 
the same improvement in efficiency over the known 
prior art as that exhibited by embodiment one shown in 
FIG. 1. 
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Referring now to FIG. 3A, which illustrates embodi- major or minor diameter of the adjacent full height 

ment three of the present invention connection, tubular thread sections. 

connection 300 is made up from pin member 302 ma- Embodiment three of the invention shown in FIG. 3 

chined on the exterior end of tubular 303 and from box exhibits a double hook thread profile; however, other 

member 306 machined on the interior end of tubular 5 thread profiles can be used as well, as hereinafter de- 

307. The center shoulder seal 304 of tubular connection scribed. 

300 is a locked double shoulder configuration, formed This double set of run-out and run-in threads (one set 

from first center shoulder configuration 319 on pin adjacent the center-shoulder seal 304 and a second set at 

member 302 and from second center shoulder configu- the terminal ends of connection 300) provides maximum 

ration 308 on box member 306. 10 joint efficiency and maximum stability for center-shoul- 

FIG. 3B, which shows pin member 302 comprises der seal 304 of the connection 300. The double set of 

run-out thread section 310 which extends from a loca- run-out and run-in threads also provides the smoothest 

tion 309 adjacent first center shoulder configuration 319 load transfer between pin and box members 302, 306, 

on the thin-walled portion 330 of pin member 302 to respectively, thereby not only increasing the connec- 

thread section 326 of full height tapered thread, which 15 tion's rated load capacity but also its overload capacity 

extends to run-in thread section 334 which extends to (i.e., safety factor). 

leading end 305 of pin member 302. Pin member 302 For comparison purposes with the prior art, embodi- 

also comprises run-in thread section 316 which extends ment three of the present invention, in the structure of 

from a location 311 adjacent first center shoulder con- a +3.5 percent over pipe body diameter, formed box 

figuration 319 on the thick-walled portion of pin mem- 20 slim line connection exhibits an efficiency (strength of 

ber 302 to thread section 312 of full height tapered connection (j°int)/strength of pipe) of about 95%. 

thread, which extends to run-out thread section 336 When the structure is a 3 percent formed box connec- 

which extends to trailing end 313 of pin member 302. tion, the efficiency decreases to about 90%. The best 

FIG. 3C, which shows box member 306, comprises known-in-the-industry +3 percent formed box connec- 

run-out thread section 314 which extends from a loca- 25 tion provides only a 75% efficiency, 

tion 317 adjacent second center shoulder configuration Regarding the above-described embodiment three of 

308 on the thin-walled portion 332 of box member 306 the present invention, in the structure of a flush outside 

to thread section 328 of full height tapered threads, diameter connection, the efficiency provided is about 

which extends to run-in thread section 338 which ex- 77%. The best known-in-the-industry flush connection 

tends to leading end 315 of box member 306. Box mem- 30 provides only a 65% efficiency, 

ber 306 also comprises run-in thread section 322 which FIG. 4A is an enlarged view of a center-shoulder seal 

extends from a location 321 adjacent second center 400 which is shown in embodiment one of FIG. 1. As- 

shoulder configuration 308 on the thick-walled portion sembled center shoulder seal 400 is a locked double 

of box member 306 to thread section 324 of full height shoulder seal made up from first center shoulder config- 

tapered thread, which extends to run-out thread section 35 uration 410 on pin member 414 and from second center 

340 which extends to trailing end 323 of box member shoulder configuration 430 on box member 434. Thread 

30€ - relief groove 412 on pin member 414 and thread relief 

Upon assembly of connection 300, run-out thread grooves 432 on box member 434 are made necessary by 

section 310 of pin member 302, interengages run-in the use of full height lead-in threads 426 on pin member 

thread section 322 of box member 301, full height 40 414 and full height lead in threads 446 on box member 

thread section 326 of pin member 302 interengages full 434, respectively. When full height lead-in threads are 

height thread section 324 of box member 306, and run-in not used, for example in embodiment two (connection 

thread section 334 of pin member 302 interengages run- 200) or embodiment three (connection 300), use of 

out thread section 340 of box member 306. In addition, thread relief grooves is optional. The thread profile 

run-out thread section 314 of box member 306 interen- 45 shown in FIG. 4A is a preferred double hook of the 

gages run-in thread section 316 of pin member 302, full kind shown in FIG. 5D. 

height thread section 328 of box member 306 interen- FIGS. 4B and 4C show first center shoulder configu- 
gages full height thread section 312 of pin member 302, ration 410 of pin member 414 and second center shoul- 
and run-in thread section 338 of box member 306 inter- der configuration 430 of box member 434, respectively, 
engages run-out thread section 336 of pin member 302. 50 Each connection member comprises a ramp, 416 on pin 
Helical full height thread sections 312 and 326 on pin 414 and 436 on box 434. Connection pin member 414 
member 302 and 324 and 328 on box member 306 are on center shoulder configuration 410 comprises shoulder 
a constant taper with respect to the longitudinal axis of 420 having first undercut surface 428, first sealing sur- 
connection 300, but having the individual surfaces of face 418 and fourth sealing surface 422. Connection box 
their roots and crests parallel to the longitudinal axis of 55 member 434 center shoulder configuration 430 corn- 
connection 300. Run-out thread sections 310 and 336 on prises shoulder 440 having second undercut surface 448, 
pin member 302 and run-out thread sections 314 and 340 second sealing surface 442 and third sealing surface 438. 
on box member 306 have their roots machined on a Upon assembly of center shoulder seal 400, first seal- 
continuation of the constant taper of the adjacent full ing surface 418 on shoulder 420 of pin configuration 410 
height thread sections. Run-out thread sections 310 and 60 is lined up by and guided into position on corresponding 
336 on pin member 302 and run-out thread sections 314 first ramp 436 of box center shoulder configuration 430. 
and 340 on box member 306 have their crests machined Simultaneously, second sealing surface 442 on shoulder 
parallel to the longitudinal axis of connection 300. Run- 440 of box center shoulder configuration 430 is lined up 



n thread sections 316 and .334 on pin member 302 and by and guided into position on corresponding second 

run-in thread sections 322 and 338 on box member 306 65 ramp 416 of pin center shoulder configuration 410. As 

have their roots machined parallel to the longitudinal the assembly progresses, a metal-to-metal seal is created 

axis of connection 300, while their crests are machined as first sealing surface 418 on shoulder 420 moves into 

on a continuation of the constant taper of the respective place against third sealing surface 438 on box center 
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shoulder configuration 430. Simultaneously, a metal-to- the center-shoulder seal 400. Not only do the curving 

metal seal is created as second sealing surface 442 on edges of locked double shoulder seal 400 at 418, 438 and 

shoulder 440 moves into place against fourth sealing 422, 442 interferingly engage to form a metal-to-metal 

surface 422 on pin center shoulder configuration 410. seal, but upon power tightening of the connection, the 

As shoulders 420 and 440 move into position, they begin 5 facing surface of shoulder 420 in contact with undercut 

to bend slightly, closing the gap between surface 424 on surface 448 and the facing surface of shoulder 440 in 

first center shoulder configuration 410 and surface 444 contact with undercut surface 428 are loaded and the 

on second center shoulder configuration 430, thereby annular contact between surfaces 424 and 444 estab- 

producing a zero clearance surface seal. lishes a seal due to a bending reaction on the shoulders 

Upon final power tightening (torquing) of the assem- 10 from the seal 418 contacting seal 438 and seal 442 con- 
bled connection, the leading surface of shoulder 420 tacting seal 422 and from the Poisson's effect of the 
contacts first undercut surface 448 on box center shoul- metal upon final power tightening, 
der configuration 430, while the leading surface of Other center shoulder designs which are known in 
shoulder 440 contacts second undercut surface 428 on the art can also be stabilized using the adjacent run-out, 
pin center shoulder configuration 400, thereby creating IS run-in thread section constructions described above, 
two additional zero clearance surfaces. Examples of other center seal designs which can be 

Thus, a total of five metal-to-metal seals are created stabilized include, not by way of limitation, square 
during assembly (make-up) of the connection: two met- shoulders; hook shoulders (wherein the shoulder exhib- 
al-to-metal seals at the exterior beveled edges of the its at least one negative angle relative to the connection 
locked double shoulder seal 400 where sealing surfaces 20 longitudinal axis); square shoulders with a frustum seal; 
418 and 438 are in contact and where sealing surfaces annular shoulders (shoulder on a taper with the connec- 
422 and 442 are in contact; and, three zero clearance tion longitudinal axis); shoulders comprising grooves or 
surfaces at the interior of the locked double shoulder an annulus having an axial undercut which employ a 
seal 400, one at the wall surface where sealing surfaces sealing sleeve, ring or annulus; and shoulders designed 
424 and 444 contact, another zero clearance surface 25 to extrude a portion of their mass laterally into adjacent 
where the face surface of pin shoulder 420 contacts box grooves upon assembly of the connection, 
undercut surface 448, and another zero clearance sur- Although embodiments one and two have been 
face where the face surface of box shoulder 440 contacts shown in FIGS. 1 and 2 with a single hook thread pro- 
pin undercut surface 428. Thus, center-shoulder seal 400 file and embodiment three has been shown in FIG. 3 
forms a very close fitting metal-to-metal seal having 30 with a double hook thread profile, it should be under- 
mating metal-to-metal sealing surfaces which allow a stood that other thread profiles may be used depending 
build-up of stored energy within the seal upon power upon the service of the connection. For example, the 
tightening of the assembled connection, such that upon preferred thread profile may be dependent upon 
the application of various loads on the pipe and also the whether the connection will be primarily in tension, 
connection, the seal will continue to perform and main- 35 compression, or alternating in tension and compression, 
tain sealing engagement. FIG. 5 illustrates four preferred thread profiles for 

A description of the location and dimensions of the use in combination with the other features of connec- 

present invention locked double shoulder center seal tions of the present invention. 

relative to the cross-sectional area of the connection For convenience and accuracy of description, the 
follows. It is desirable to balance the cross-sectional 40 following geometric conventions will be used in de- 
areas of the tubular walls which make up the connection scribing the angles of the load and stab flanks of the 
in the area of the locked double shoulder seal, thus threads of the present invention. The angle a represents 
providing a more efficient connection. The formula the stab flank angle and the angle /? represents the load 
which follows permits calculation of the preferred di- flank angle of the threads. These angles are defined in 
ameter of a circle formed by the radial center of the 45 geometric terminology with reference to a line con- 
locked double shoulder seal (radial center relative to the structed perpendicular to the longitudinal axis of the 
longitudinal axis of the connection). This preferred connection (tubular) and at the root of the thread flank, 
diameter is essentially equal to the connection outside A negative flank angle is the rotation, in degrees, of the 
diameter squared plus the connection inside diameter perpendicular line in the counterclockwise direction to 
squared minus the constant k, all divided by two, with 50 meet the thread flank. A positive flank angle is the rota- 
the square root being taken of the result. The constant k tion in degrees of the perpendicular line in the clock- 
is equal to two times the squared height of interlocked wise direction to meet the thread flank. These conven- 
shoulders 420 and 440. As shown on FIG. 4A, the radial tions for defining stab and load flank angles do not 
center of the locked double shoulder seal is located at necessarily comport with the conventions used in ma- 
contacting surfaces 424 and 444 of shoulder 420 and 55 chining pipe threads. 

shoulder 440, respectively. The height of interlocked FIG. 5A illustrates corresponding pin 510 and box 

shoulders 420 and 440 is dimension 452. The minimum 530 cross-sectional profiles for a portion of full height 

height 452 of interlocked shoulders 420 and 440 is a double hook thread 500A. The double hook thread 

function of the wall thickness of the tubular (pipe) used exhibits a negative load flank angle /? and a positive stab 

to form the connection. Typically the radial height 452 60 flank angle a. The thread profile of full height threads 
of interlocked shoulders 420 and 440 is two to three from a portion of pin member 510 is shown as it would 

times the longitudinal width, dimension 454 on FIG. appear within a threaded tubular section of the present 
4 A, of shoulders 420 and 440. In addition, the height 452 invention. Stab flank 512 forms a positive stab flank 
of the cross section of interlocking shoulders 420 and angle a with respect to a line perpendicular to root wall 

440 is typically i to J of the tubular member (pipe) wall 65 516, which is parallel to the connection longitudinal axis 

thickness. 14, and load flank 514 forms a negative load flank angle 
The connection of the present invention establishes a (i with respect to a line perpendicular to root wall 518, 
constant bearing force on the various seals provided by which is parallel to the connection longitudinal axis. 
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The thread profile of full height double hook threads the thread load flanks experience a greater applied force 

from a portion of box member 530 is shown as it would than the stab flanks. 

appear within a threaded tubular section of the present FIG. 5B illustrates corresponding pin 550 and box 

invention. For example, in a manner similar to the pin 570 cross-sectional profiles of one embodiment of single 

thread, stab flank 532 forms a positive angle a with 5 hook thread, 500B. The thread profile of full height 

respect to a line perpendicular to root wall 536, and threads from a portion of pin member 550 is shown as it 

load flank 534 forms a negative angle /3 with respect to would appear within the threaded tubular section of the 

a line perpendicular to root wall 536. To permit interen- present invention. The distinguishing feature of this 

gagement of the double hook threads of pin member 510 embodiment of single hook thread is that its stab flank 

with the double hook threads of box member 530, it is 10 552 exhibits a zero degree angle a with respect to a line 

necessary that the thread width be constantly increasing perpendicular to both the connection longitudinal axis 

from the leading edge (edge initially telescoped into the and the thread root wall, while its load flank 554 exhib- 

box member) of pin member 510, and that the thread its a negative angle y3 with respect to a line perpendicu- 

width be constantly decreasing (the root width be con- lar to both the connection longitudinal axis and the 

stantly increasing) from the corresponding edge of box '5 thread root wall. For example, referencing the thread 

member 530, as shown in FIG. 5A. Thus, the thread profile of pin member 550, stab flank 552 forms a right 

profile crest widths 520 of pin member 510 are progres- angle with reference to the connection longitudinal axis, 

sively lengthened, while the thread root widths 522 are or zero degree angle a with respect to a line perpendic- 

progressively narrowed, with the reverse occurring on ular to root wall 556, while load flank 554 forms nega- 

box member 530. One method of producing threads 20 tive angle /3 with respect to a line perpendicular to root 

with such dimensions is to machine the thread stab wa " 558. In a corresponding manner, referencing the 

flanks with a slightly greater (longer) lead than the load thread profile of box member 570, stab flank 572 forms 

flanks. The amount of lead increase (AL) required to a zer o degree angle a with a line perpendicular to root 

permit the threads to mesh (interengage) upon telescop- wall 576, while load flank 574 forms a negative angle /3 

ing (stabbing) is a function of the thread taper (T) and 25 with a line perpendicular to root wall 576. 

the stab and load flank angles (a and /?, respectively), The single hook thread exhibits a negative stab flank 

and can be calculated according to the following for- angle which ranges from zero (0) degrees to about 45 

mula: degrees, and exhibits a negative load flank angle which 

ranges from greater than 0 degrees to about 15 degrees. 

Ai= J7(tan|a| + tan 30 If the load flank angle is a large negative angle, and the 
stab flank angle is less than the load flank angle, thereby 

When there is more than one step of threads in the producing thread crests wider than adjacent thread 



in (for example, a two step thread wherein one roots, the use of a constantly increasing thread width 

section of threads is followed by a center-shoulder seal, from the leading edge of the pin, as described above for 

followed by a second section of threads located at a 35 a double hook thread, may be necessary to permit 

greater axial distance from the longitudinal axis of the proper interengagement of the pin and box members of 

connection), the thread width can be constantly increas- the connection upon initial telescoping (stabbing), 

ing from the leading edge of the pin member all of the A more preferred single hook thread profile, due to 

way to the end of the connection; or, alternatively and ease of machining, is the profile wherein the negative 

preferably, the thread width is increased progressively 40 load flank angle ranges from greater than 0 degrees to 

within each step of threads, beginning with the mini- less than 5 degrees and the negative stab flank angle 
mum width thread at the pin leading edge step of ranges from zero degrees to about 2 degrees, with the 

threads and the minimum width thread beginning again absolute sum of the angles being less than 5 degrees, 

at the forward edge of the second step of pin threads. When these reduced negative load flank and stab flank 

The preferred double hook thread, in terms of me- 45 angles are used, it is not necessary to use constantly 

chanical performance, exhibits a positive stab flank increasing thread width to permit interengagement of 

angle and a negative load flank angle, the absolute sum connection member threads. The necessary clearance is 

of which (without regard to sign on the angle) ranges provided by making the thread crests narrower than the 

from about 5 degrees to about 20 degrees. Typically, the thread roots. 

negative load flank angle does not exceed about 8 de- 50 FIG. 5C illustrates another thread profile embodi- 

grees and the positive stab flank angle does not exceed ment 500C suitable for use in the connection of the 

about 4 degrees. However, in terms of ease of machin- present invention. This thread profile is particularly 

ing and minimizing the lead adjustments, AL, the abso- suitable for a connection having a center-shoulder seal 

lute sum of the positive stab flank angle and negative (such as the locked double shoulder) in combination 

load flank angle should range from slightly greater than 55 with a single run-out thread and full height lead-in 

0 degrees to less than 5 degrees, with the negative load thread on the corresponding member, on each side of 

flank angle ranging from about 1 degree to about 4 the center-shoulder seal. The thread profile of full 

degrees. When this reduced absolute sum of load and height threads from a portion of the pin member 590 is 

stab flank angles is used, it is not necessary to use con- another embodiment of a single hook thread as it would 

stantly increasing thread width to permit interengage- 60 appear within the threaded tubular section of the pres- 

ment of connection member threads. Preferably the ent invention. This particular embodiment of a single 

load flank angle is a larger (greater) absolute angle than hook thread features a load flank 594 of pin member 590 

the stab flank angle, since for thread profiles having thread which exhibits a large negative angle P and a 

crests and roots which are parallel to the connection stab flank 592 which exhibits a large negative angle a. 

longitudinal axis, the load flank length is less than the 65 Generally, angle a is greater than angle /3, and conse- 

stab flank length, as can be observed in viewing load quently, dimensions can be formulated with flank to 

flank 514 and stab flank 512. Also, when the connection flank (load to stab) bearing threads, having clearance 

is operating under the most severe service conditions, between thread roots and crests, for example, with 
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clearance between root 596 of pin member 590 and crest thread profile shown is a double hook which is shown 
599 of box member 598. This is in contrast with the enlarged on a portion of pin member 620 and box mem- 
double hook thread of FIG. 5A and the single hook ber 630 in FIG. 6B. Double hook threads having a 
thread of 5B, which are more suitable in a form wherein positive stab flank angle a and a negative load flank 
the thread roots and crests provide bearing surfaces 5 angle /J, the absolute sum of which is greater than about 
with clearances between corresponding stab and load 8 degrees, require variable, constantly increasing thread 
flanks. Flank to flank bearing threads of the kind shown crest width (i.e., a lead adjustment between the stab and 
in FIG. 5C can be used to modify the interference in the load flanks) for proper meshing of the flanks, after the 
run-out section of threads. threads are telescoped, during hand tight make up. The 

The angles of the single hook thread profile shown in 10 use of variable width threads permits clearances be- 

5C typically are such that the negative load flank angle tween flanks in an assembled connection to be kept at a 

ranges from about 5 degrees to about 15 degrees and the minimum (typically no more than about 0.003 inches), 

negative stab flank angle ranges from about 5 degrees to Thus, when a thread compound containing particulate 

about 35 degrees, with the stab flank angle being larger matter is used during assembly of the connection, an 

than the load flank angle by about 10 to 15 degrees. 15 additional seal can be formed between thread flanks due 

FIG. 5D illustrates cross sectional profiles of a pre- to the bridging action of the particles between flank 

ferred double hook thread 500D. The preferred double clearances. Generally, such a seal can be formed only if 

hook thread exhibits a positive stab flank angle a rang- the flank clearances are less than about 0.004 inches, 

ing from nearly a zero degree angle to an angle of less FIG. 6B shows portions of pin member 620 and box 

than 2 degrees, and a load flank angle which has been 20 member 630, respectively. Stab flank 622 of pin member 

reduced to a small negative angle, ranging from nearly 620 exhibits a positive angle a of about 5 degrees, for 

a zero degree angle to an angle of less than 5 degrees, example, and load flank 624 exhibits a negative angle P 

with the absolute sum of the flank angles being less than of about 8 degrees, for example. The variable width full 

5 degrees. The thread profile of full height threads from height thread profile shown on the portion of pin mem- 

a portion of pin member 580 is shown as it would appear 25 ber 620 exhibits increasing crest width 625 which corre- 

within a threaded tubular section of the present inven- sponds with the variable decreasing width thread on 

tion. The distinguishing feature of the preferred double box member 630, which exhibits increasing root width 

hook thread is that both its positive angle stab flank 582 628. 

and its negative angle load flank 584 exhibit a nearly When double hook threads having constant width 

zero degree angle with respect to a line perpendicular to 30 crests and roots (not shown) are used in the connection 

the connection longitudinal axis and the thread root of the present invention, a greater flank clearance 

wall. For example, stab flank 582 forms an angle a (above 0.004 inches, depending on the design) is re- 

which ranges from a fight angle with reference to the quired, making sealing at the thread flanks uncertain, 

connection longitudinal axis, up to a positive angle of This creates a potential for fluid leakage across the 

less than 2 degrees with a line perpendicular to root 35 threads. Consequently, either the preferred double hook 

wall 586; and, load flank 584 forms an angle 0 which thread profile wherein the absolute sum of the flank 

ranges from a near fight angle with reference to the angles is less than 8 degrees or a conventional single 

connection longitudinal axis, up to a negative angle of hook thread profile must be used to achieve thread 

less than 5 degrees with a. line perpendicular to root sealing when the thread profile exhibits constant width 

wall 588. Corresponding box member 589 thread exhib- 40 crests and roots. 

its the same ranges of stab flank angle and load flank FIG. 7 illustrates another embodiment of an assem- 
angle ranges as those just described. It is not necessary bled tubular connection 700A of the present invention, 
to use progressively increasing thread width to permit Connection 700A includes a double set of run-out, run- 
connection member thread interengagement (proper in threads, set 702 and set 704, adjacent center-shoulder 
meshing after stabbing) when a preferred double hook 45 seal 710 combined with a second set of run-out, run-in 
thread profile of the kind shown in FIG. 5D is used. threads, set 706 and set 708, adjacent the terminal ends 
This thread profile is essentially a modified square of the connection. Preferably center-shoulder seal 710 is 
thread. a locked double shoulder configuration. Connection 
In sizing the connection of the present invention, the 700A is shown with a single hook thread profile; how- 
location of the radial centerline of the center-shoulder 50 ever, any of the thread profiles described above can be 
seal is determined with reference to the outside and used. 

inside diameters of the pipe. The fade out point of the As shown in FIG. 7B, the thread profile of a portion 

connection thread sections is determined by the mini- of pin member 720 includes a single hook thread having 

mum required wall thickness at the terminal ends of the a stab flank 722 exhibiting a right angle with reference 

connection. The length of a thread section is a function 55 connection 700A longitudinal axis 14 (or a 0 degree 

of the angle of taper of the threads and the change in angle a with reference to a line perpendicular to the 

diameter of the thread. Since the thread sections on longitudinal axis and to and root wall 712, and having a 

each side of the center-shoulder seal should bear ap- load flank 724 exhibiting a negative angle £ with re- 

proximately one-half of the load on the connection, the spect to a line perpendicular to the connection longitu- 

araount of engaged thread length may be calculated to 60 dinal axis 14 and thread root wall 714. The negative 

ensure that the threads do not shear off under load. load flank angle /3 is preferably in the range from about 

Knowing these parameters, one skilled in the art can 1 degree to about 10 degrees. The thread profile of box 

then determine the thread taper. member 730 is complementary to that of pin member 

FIG. 6A illustrates an assembled tubular connection 720. 

600A of the present invention. Connection 600A in- 65 The most preferred embodiment of the present inven- 

cludes a set of run-out, run-in threads, set 602 and set tion is connection 700A shown in FIG. 7 which utilizes 

604, on each side of a center-shoulder seal 610, which is a double set of run-out, run-in thread sections and a 

shown as a locked double shoulder configuration. The locked double shoulder center seal, but having the dou- 
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ble hook thread profile (not shown). This embodiment thread crests and roots is controlled to achieve linear 
provides the smoothest flow of forces between the pin stresses in the greater cross-sectional area of the box and 
member 720 and box member 730; provides the highest pin members as well as achieve linear stresses at the 
tension efficiency; and, also provides the best sealing thinner cross-sectional areas of the pin and box mem- 
engagement for preventing fluid penetration into the 5 bers adjacent their terminal ends. A certain amount of 
threads and through (across the threads of) the connec- diametrical interference is required to achieve a tight 
tion. The interlocking of the negative load flanks and interengaging fit of the threads. The general rule is that 
positive stab flanks of the double hook threads causes the interference will vary between 0.001 and 0.002 
the threads to interlock in a manner such that the two inches per inch of diameter, with less interference at the 
thread zones on each side of the center-shoulder seal 10 terminal ends of the connection than adjacent the cen- 
move as a unit. ter-shoulder seal. 

The run-out, run-in thread sections of the present The preferred center seal is one that is isolated to the 
invention fade in the thread load gradually and then loads placed on the pipe string. In other words, center 
fade out the thread load gradually. Full height threads shoulder seal 710 of connection 700A should remain 
like those typically used in the prior art cause the thread 15 stable and insensitive to varying loads placed on the 
load to abruptly increase, thereby transferring a large connection. The locked double shoulder seal shown at 
force abruptly, which in tum caused undesirable bend- 710 of connection 706A includes redundant sealing 
ing moments within the connection. systems, i.e. a multiplicity of metal-to-metal seals, to 

The tension efficiency of a connection depends upon achieve an effective sealing engagement such that the 
the extent to which the pin and box member are formed. 20 seal does not deactivate upon the application of various 
Generally, the more forming, the greater the efficiency loads to the connection such as internal and external 
which can be achieved. Thus, greater efficiencies may pressure, axial tension or compression, and torsional 
be achieved in slim line connections which may have up and bending moments. 

to a 3.5% greater outside diameter than that of the The preferred embodiments of the present invention, 
tubular pipe than can be achieved in flush joint connec- 25 as described above and shown in the Figures are not 
tions which have the same outside diameter as the pipe. intended to limit the scope of the present invention, as 
The double set of run-in, run-out threads of connec- demonstrated by the claims which follow, since one 
tion 700A is preferred since this provides maximum skilled in the art can, with minimal experimentation, 
utilization of available pipe wall without the waste of extend the scope of the embodiments to match that of 
space in the form of clearances and gaps in the threads 30 the claims, 
for which there is no complementary engagement. Fur- What is claimed is: 

ther, it is desirable not to have wasted space in the form 1. A tubular connection comprising at least two mem- 
of relief grooves, cut-outs, or other metal reduction. bers, wherein each member comprises at least two 
However, the relief grooves of the kind shown at 118 threaded sections having a center shoulder disposed 
and 120 of connection 100 are not critical because they 35 between said at least two threaded sections, said center 
are located in the larger cross-sectional areas of pin 102 shoulders sealingly engaging to form a center shoulder 
and box 106. Thus, they do not become critical in the seal configuration, said at least two threaded sections 
overall efficiency of the connection. including at least one stabilizing thread section present 

With the double hook thread profile, as shown in on each connection member adjacent said center shoul- 
FIG. 6B and recommended for use in connection 700A, 40 der seal configuration engaging threads on the other 
an interference between the major and minor thread connection member, said stabilizing thread section com- 
diameters, i.e. thread crests 625 of pin 620 and thread prising a full run-out thread for stabilizing said center 
roots 628 of box 630, can be developed on power tight shoulder seal configuration. 

make up. Furthermore, very little clearance between 2. The tubular connection of claim 1, wherein the 
adjacent load and stab flanks can be provided on power 45 profile of said threaded sections is a double hook, 
fight make up. Any interferences of the roots and crests 3. The tubular connection of claim 1 wherein said 
of the threads causes a hoop stress in the pin and box center-shoulder seal configuration is a hook shoulder, 
members 620 and 630. Consequently, upon power tight 4. The tubular connection of claim 1 wherein said 
make-up, if any interference is present, the thread metal center shoulder seal configuration is a square shoulder 
tends to move due to Poisson's effect causing the stab 50 with a frustum seal. 

and load flanks to butt up and engage. The interference 5. The tubular connection of claim 1 wherein said 
will vary depending upon the pipe diameters and the center-shoulder seal configuration includes annular 
grade of the pipe. With reference to FIG. 7A, prefera- shoulders. 

bly, the diametrical interference is maximized at thread 6. The tubular connection of claim 1 wherein said 
sections 702 and 704 adjacent center-shoulder seal. 710 55 center-shoulder seal configuration is a shoulder com- 
and is gradually reduced to a minimum at thread sec- prising grooves. 

tions 706 and 708 at the terminal ends of connection 7. The tubular connection of claim 1 wherein said 
700A. This gradual reduction in diametrical interfer- center-shoulder seal configuration is a shoulder com- 
ence is designed to protect the thin walled sections of prising an annulus having an axial undercut, 
pin member 720 and box member 730 at the terminal 60 8. The tubular connection of claim 1 wherein each of 
ends of the connection. The larger cross-sectional areas said center shoulders forms a groove and said center 
adjacent the center-shoulder seal 700A are more rigid shoulders extrude a portion of their mass laterally into 
and therefore can have greater diametrical interference said grooves upon assembly of the connection, 
and absorb greater hoop stress. The cross-sectional 9. A tubular connection comprising: 
areas of both pin member 720 small step and the box 65 two members having leading terminal ends, each 
member 730 large step adjacent each side of the center member having at least two threaded sections with 

shoulder seal 710 are designed to be approximately a center shoulder disposed between said at least 

equal. The inner diametrical interference between the two threaded sections, said center shoulders seal- 
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ingly engaging to form a center shoulder seal con- 24. The tubular connection of claim 23, wherein the 

figuration; profile of said threaded sections is a double hook, and 

said at least two threaded sections including at least wherein the absolute sum of the negative stab flank and 

one stabilizing thread section present on each said positive load flank angles total is less than 5 degrees, 

connection member engaging threads on the other 5 25. The tubular connection of claim 23, wherein the 

connection member, said at least one stabilizing profile of said threaded sections is a single hook, 

threaded section being a run-out thread section wherein the negative load flank angle is less than 15 

located adjacent said center shoulder seal configu- degrees, and wherein the stab flank angle ranges from 

ration for stabilizing said center shoulder seal con- zero degrees to a negative angle of about 35 degrees, 

figuration; and 10 26. The tubular connection of claim 25, wherein said 

each member having said run-out thread section lo- negative load flank angle is less than 4 degrees and 

cated between said center shoulder seal configura- wherein the absolute sum of said negative load flank 

tion and said leading terminal end. angle and said stab flank angle is less than 5 degrees. 

10. The tubular connection of claim 1 or claim 9, 27. The tubular connection of claim 21, wherein said 
wherein each said connection member includes a full- 15 center shoulder seal configuration comprises a locked 
height lead-in thread section opposite said run-out double shoulder configuration. 

thread section on the other connection member. 28. The tubular connection of claim 23, wherein the 

11. The tubular connection of claim 10, wherein said profile of said threaded sections is a single hook, 
center shoulder seal configuration comprises a locked 29. The tubular connection of claim 23, wherein said 
double shoulder configuration. 20 center shoulder seal configuration comprises a locked 

12. The tubular connection of claim 10, wherein said double shoulder configuration. 

members each have trailing ends and further include at 30. The tubular connection of claim 29, wherein the 

least one additional stabilizing run-out thread section profile of said threaded sections is a single hook, 

between said center shoulder seal configuration and 31. The tubular connection of claim 29, wherein the 

said trailing end of each connection member. profile of said threaded sections is a double hook, and 

13. The tubular connection of claim 12, wherein the wherein the absolute sum of the negative stab flank and 
profile of said threaded sections is a single hook. positive load flank angle is less than 5 degrees. 

14. The tubular connection of claim 12, wherein the 32. The tubular connection of claim 29, wherein the 
profile of said threaded sections is a double hook, and j Q profile of said threaded sections is a single hook, 
wherein the absolute sum of the negative stab flank and wherein the negative load flank angle is less than 15 
positive load flank angle is less than 5 degrees. degrees, and wherein the stab flank angle ranges from 

15. The tubular connection of claim 12, wherein the zero degrees to a negative angle of about 35 degrees, 
profile of said threaded sections is a single hook, 33. The tubular connection of claim 32, wherein said 
wherein the negative load flank angle is less than 15 35 negative load flank angle is less than 4 degrees and 
degrees, and wherein the stab flank angle ranges from wherein the absolute sum of said negative load flank 
zero degrees to a negative angle of about 35 degrees. angle and said stab flank angle is less than 5 degrees. 

16. The tubular connection of claim 15, wherein said 34. The tubular connection of claim 1 or claim 9, 
negative load flank angle is less than 4 degrees and wherein each connection member includes a run-in 
wherein the absolute sum of said negative load flank ^ thread section at a location corresponding with said 
angle and said stab flank angle is less than 5 degrees. run-out thread section on the corresponding other con- 

17. The tubular connection of claim 12, wherein said nection member. 

center shoulder seal configuration comprises a locked 35. The tubular connection of claim 34, wherein said 

double shoulder configuration. center shoulder seal configuration comprises a locked 

18. The tubular connection of claim 17, wherein the 45 double shoulder configuration. 

profile of said threaded sections is it single hook. 36. The tubular connection of claim 34 wherein said 

19. The tubular connection of claim 17, wherein the members each have trailing ends and further include at 
profile of said threaded sections is a double hook, and least one additional stabilizing run-out thread section 
wherein the absolute sum of the negative stab flank and between said center shoulder and said trailing end of 
positive load flank angle is less than 5 degrees. so each connection member. 

20. The tubular connection of claim 17, wherein the 37. The tubular connection of claim 36, wherein the 
profile of said threaded sections is a single hook, profile of said threaded sections is a double hook, and 
wherein the negative load flank angle is less than 15 wherein the absolute sum of the negative stab flank and 
degrees, and wherein the stab flank angle ranges from positive load flank angle is less than 5 degrees. 

zero degrees to a negative angle of about 35 degrees. 55 38. The tubular connection of claim 36, wherein the 

21. The tubular connection of claim 10, wherein each profile of said threaded sections is a single hook, 
connection member includes a thread relief groove wherein the negative load flank angle is less than 15 
located between said center shoulder and said full degrees, and wherein the stab flank angle ranges from 
height lead-in thread section. zero degrees to a negative angle of about 35 degrees. 

22. The tubular connection of claim 20, wherein said 60 39. The tubular connection of claim 38, wherein said 
negative load flank angle is less than 4 degrees and negative load flank angle is less than 4 degrees and 
wherein the absolute sum of said negative load flank wherein the absolute sum of said negative load flank 
angle and said stab flank angle is less than 5 degrees. angle and said stab flank angle is less than 5 degrees. 

23. The tubular connection of claim 21, wherein said 40. The tubular connection of claim 36, wherein the 
members each have trailing ends and further include at 65 profile of said threaded sections is a single hook, 
least one additional stabilizing run-out thread section 41. The tubular connection of claim 36, wherein said 
between said center shoulder seal configuration and center shoulder seal configuration comprises a locked 
said trailing end of each connection member. double shoulder configuration. 
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42. The tubular connection of claim 41, wherein the 
profile of said threaded sections is a single hook. 

43. The tubular connection of claim 41, wherein the 
profile of said threaded sections is a double hook, and 
wherein the absolute sum of the negative stab flank and 5 
positive load flank angle is less than 5 degrees. 

44. The tubular connection of claim 41, wherein the 
profile of said threaded sections is a single hook, 
wherein the negative load flank angle is less than 15 
degrees, and wherein the stab flank angle ranges from !0 
zero degrees to a negative angle of about 35 degrees. 

45. The tubular connection of claim 44, wherein said 
negative load flank angle is less than 4 degrees and 
wherein the absolute sum of said negative load flank 
angle and said stab flank angle is less than 5 degrees. 15 

46. The tubular connection of claim 1 or claim 9, 
wherein each member's at least two threaded sections 
are comprised of a two step thread. 

47. The tubular connection of claim 46, wherein said 
center shoulder seal configuration comprises a locked 20 
double shoulder configuration. 

48. The tubular connection of claim 1 or claim 9 
wherein said center shoulder seal configuration com- 
prises a locked double shoulder configuration. 

49. The tubular connection of claim 1 or claim 9, 
wherein the profile of said threaded sections is it single 

50. The tubular connection of claim 1 or claim 9, 
wherein the profile of said threaded sections is a double 3Q 
hook, and wherein the absolute sum of the negative stab 
flank and positive load flank angle is less than 5 degrees. 

51. The tubular connection of claim 1 or claim 9, 
wherein the profile of said threaded sections is a single 
hook, wherein the negative load flank angle is less than 35 
15 degrees, and wherein the stab flank angle ranges 
from zero degrees to a negative angle of about 35 de- 
grees. 

52. The tubular connection of claim 1 or claim 2 
wherein said center shoulder seal configuration is a w 
square shoulder. 

53. The connection of claim 9 wherein said center 
seal shoulder configuration includes a first center shoul- 
der having a first undercut surface on said box member 
and a second center shoulder having a second undercut 45 
surface on said pin. 

54. The connection of claim 53 wherein said first 
center shoulder sealingly engages said second undercut 
surface and said second center shoulder sealingly en- 
gages said first undercut surface. 30 

55. The connection of claim 54 wherein said first and 
second undercut surfaces each have a portion thereof 
which interferringly engages said second and first cen- 
ter shoulders respectively. 

56. A tubular connection comprising two tubular 55 
members, wherein each connection member comprises 
threaded sections having a center shoulder disposed 
between two of said threaded sections, said center 
shoulders sealingly engaging to form a center shoulder 
seal configuration, each connection member having a 60 
leading terminal end and a trailing end, said threaded 
sections including a first run-out thread section adjacent 
said center shoulder seal configuration for engaging 
threads on another connection member and located 
between said center shoulder seal configuration and 65 
said leading terminal end; a second run-out thread sec- 
tion adjacent the trailing end of each connection mem- 
ber; and run-in threaded sections on each connection 



member located opposite said run-out threaded se 
on the other connection member. 

57. The tubular connection of claim 56, wherein said 
center shoulder seal configuration comprises a locked 
double shoulder configuration. 

58. A tubular connection comprising: 

pin and box members having engaging threaded sec- 
tions, said box member having a first center shoul- 
der and said pin member having a second center 
shoulder, said first and second center shoulders 
forming a locked double shoulder configuration; 

said first center shoulder including a first shoulder 
and a first undercut surface, said first shoulder and 
first undercut surface forming a first surface ex- 
tending therebetween; 

said second center shoulder including a second shoul- 
der and a second undercut surface, said second 
shoulder and second undercut surface forming a 
second surface extending therebetween; 

said first shoulder sealingly engages said second un- 
dercut surface and said second shoulder sealingly 
engages said first undercut surface. 

59. The tubular connection of claim 58 wherein said 
first shoulder includes a first exterior sealing surface and 
said first undercut surface includes a first interior seal- 
ing surface; said second shoulder includes a second 
exterior sealing surface and said second undercut sur- 
face includes a second interior sealing surface; whereby 
said first exterior sealing surface forms a metal-to-metal 
seal with said second interior sealing surface and said 
second exterior sealing surface forms a metal-to-metal 
seal with said first interior sealing surface. 

60. The tubular connection of claim 59 wherein said 
first and second external sealing surfaces are formed by 
beveled surfaces on said first and second shoulders. 

61. The tubular connection of claim 59 wherein said 
box and pin members include ramp surfaces for aligning 
and guiding said first and second exterior sealing sur- 
faces into sealing engagement with said second and first 
interior sealing surfaces respectively. 

62. The tubular connection of claim 56 wherein said 
first and second surfaces are generally parallel to the 
axis of the connection. 

63. The tubular connection of claim 58 wherein said 
first surface provides a seal with said second surface. 

64. A tube and coupling connection comprising: 

a tube member and a coupling member having engag- 
ing threaded sections, said tube member having a 
first center shoulder and said coupling member 
having a second center shoulder, said first and 
second center shoulders forming a locked double 
shoulder configuration; 

said first center shoulder including a first shoulder 
and a first undercut surface; 

said second center shoulder including a second shoul- 
der and a second undercut surface; 

said first shoulder sealingly engages said second un- 
dercut surface and said second shoulder sealingly 
engages said first undercut surface. 

65. A method of stabilizing a tubular connection 
which comprises at least two connection members hav- 
ing a leading terminal end with each connection mem- 
ber having at least two threaded sections and having a 
center seal disposed between said at least two threaded 
sections, said method comprising: 

sealingly engaging the center seals to form a center 
seal configuration; 
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utilizing a run-out thread section as one of said at least from zero degrees to less than two degrees with the 

two threaded sections adjacent said center seal absolute sum of said angles being less than five degrees, 

configuration on each connection member for en- 77. The connection of claim 68 wherein said center 

gaging threads on the other connection member, shoulder seal configuration is a locked double shoulder 

and 5 seal. 

locating said run-out thread section between the cen- 78. The connection of claim 77 wherein said locked 

ter seal and the leading terminal end to stabilize the double shoulder seal is two to three times as high in the 

center seal configuration. radial direction than it is wide in the axial direction. 

66. The method of claim 65, including utilizing an 79. The connection of claim 78 wherein said height is 
additional run-out thread section near a trailing end of 10 i to j the thickness of the pipe body. 

each connection member. 80. The connection of claim 68 wherein said center 

67. The method of claim 65 or claim 66, including shoulder seal includes annular shoulders on a taper with 
utilizing a run-in thread section on one member with the longitudinal axis of the connection. 

said run-out thread section at a corresponding location 81. The connection of claim 68 wherein the profile of 

on the other member. 15 said threaded sections is a double hook. 

68. A connection comprising: 82. The connection of claim 81 wherein said double 
a tubular box member having a terminal end and hook profile exhibits a negative load flank angle and a 

another end integral with a tubular pipe body; positive stab flank angle. 

a tubular pin member having a terminal end and an- 83. The connection of claim 82 wherein said negative 

other end integral with another tubular pipe body; 20 load flank angle ranges from zero degrees to less than 

said pin and box members having a thick-walled por- five degrees and said positive stab flank angle ranges 

tion adjacent said tubular pipe bodies and a thin- from zero degrees to less than two degrees with the 

walled portion adjacent said terminal ends of said absolute sum of said angles being less than five degrees, 

pin and box members; 84. The connection of claim 68 wherein said pin and 

said pin and box members each having a center shoul- 25 box members are made of formed metal. 

der between said thick-walled and thin-walled por- 85. The connection of claim 68 wherein the connec- 
tions said center shoulders sealingly engaging to tion is a flush joint connection with the outer diameter 
form a center shoulder seal configuration; of said box member being generally the same as the 

said pin and box thin-walled portions having a run- outer diameters of said tubular pipe bodies. 

out thread section adjacent said center shoulder 30 86. The connection of claim 68 wherein the connec- 

seal configuration; tion is a slim-line connection with the outer diameter of 

said pin and box thick-walled portions having a run-in said box member being no more than 3.5% greater than 

thread section adjacent said center shoulder seal the outer diameters of the tubular pipe bodies, 

configuration, 87. The connection of claim 66 wherein the crests and 

whereby upon the assembly of the connection, there 35 roots of the threads interferringly engage, 

is threaded engagement between said run-out 88. The connection of claim 68 wherein there are 

thread sections and said run-in thread sections. clearances between adjacent stab flanks upon power 

69. The connection of claim 66 wherein said pin and tight make-up. 

box thin-walled portions have a run-in thread section 89. The connection of claim 68 wherein said load 

adjacent said terminal end and said pin and box thick- 40 flanks butt up and engage upon power fight make-up. 

walled portions have a run-out thread section adjacent 90. A tubular connection comprising: 

said tubular pipe body, whereby upon assembly of the at least two connection members; 

connection, said run-out thread sections threadingly each said connection member including at least two 

engage said run-in thread sections. threaded sections of threads having stab and load 

70. The connection of claim 69 wherein said pin and 45 flanks and a center shoulder disposed between said 
box thin-walled portions and thick-walled portions in- at least two threaded sections; 

elude a full height thread section disposed between said said center shoulders engaging to form a center 

run-in thread section and said run-out thread section, shoulder seal configuration; 

whereby upon the assembly of the connection, there is said at least two threaded sections including at least 

threaded engagement between said full height thread 50 one run-out thread section present on each connec- 

sections. tion member and engaging threads on the other 

71. The connection of claim 70 wherein said threaded connection member; 

engagements are complementary engagements. said at least one run-out thread section being adjacent 

72. The connection of claim 70 wherein the width of said center shoulder seal configuration for stabiliz- 
the threads of each of said portions constantly increases 55 ing said center shoulder seal configuration. 

from said terminal ends to said pipe bodies. 91. The threads of claim 90 wherein said threads are 

73. The connection of claim 70 wherein the profile of variable width threads having progressively increasing 
said threaded sections is a single hook. thread width. 

74. The connection of claim 73 wherein said single 92. The tubular connection of claim 90 wherein said 
hook profile exhibits a negative load flank angle in the 60 center shoulder seal configuration comprises a locked 
range of zero to five degrees and a zero degree stab double shoulder configuration. 

flank angle. 93. The tubular connection of claim 90 wherein said 

75. The connection of claim 73 wherein said single center shoulder seal configuration is a hook shoulder 
hook profile exhibits a negative load flank angle and a with a frustum seal. 

negative stab flank angle. 65 94. The tubular connection of claim 90 wherein said 

76. The connection of claim 75 wherein said negative threads have a negative load flank angle from about 
load flank angle ranges from zero degrees to less than zero degrees to less than 5 degrees and a negative stab 
five degrees and said negative stab flank angle ranges flank angle from zero degrees to about 2 degrees. 



5,415,442 

31 32 

95. The tubular connection of claim 90, wherein each face extending therebetween and a seal being formed 
said connection member includes a run-in thread section between said first and second surfaces. 

opposite said run-out thread section on the other con- 103. The tubular connection of claim 99 wherein said 

nection member. f lrst member further includes a first interior ramp sur- 

96. The tubular connection of claim 90, wherein each 5 f ace extending from said first undercut surface and a 
said connection member includes a full-height thread f lrst exterior ramp surface extending from said first 

' ' 1 "thread section on the other shoulder and said second member further includes a 

second interior ramp surface extending from said sec- 
n of claim 90, wherein said ond under cut surface and a second exterior ramp sur- 
connection members each have trailing ends and further 10 face extending from ^ second shoulder , at least one of 
include at least one additional run-out thread section said f]rst and second exterior surfaces interfer . 

between said center shoulder seal configuration and rf j engaging one of ^ first and second interior 
said trailing end of each connection member. ramp surfaces 

98. The tubular connection of claim 90 wherein each ^ tubular connection of cIaim 99 wherein 

™d °tr!fr T m m T,l I'" 8 1 6 "" k 6 fir « shoulder includes a first exterior sealing surface and 

and a trailing end saul run-out thread section being a _ . e . surface f 



it thread section located between said center 
shoulder seal configuration and said leading terminal 



said first undercut surface includes a 
ing surface; said second shoulder includes a second 

end^d Z7h ^^^^n^^^^d- f terior , *? ins surfa f e ^ f^nd undercut sur- 

ing a second run-out threaded section adjacent the trail- 20 fat t e sec ° nd '"tenor surface ; thereby 

ing end of each connection member and run-in threaded at le f one of , sald , flrst f tenor filing surfaces forms a 

sections on each connection member located opposite metal -to-metal seal with one of said first and second 

said first and second run-out threaded sections on the interior sealing surfaces. 

other connection member. 105 1116 tubular connection of claim 104 wherein 

99. The tubular connection of claim 90 wherein: 25 flrst a nd second exterior «"* interior sealm S sur " 
said at least two connection members include a first faces ^ formed bv beveled surfaces. 

member having a first center shoulder and a second 106 - A method of stabilizing a tubular connection 
member having a second center shoulder; having at least two connection members, each with a 
said first center shoulder including a first 'shoulder center shoulder, comprising the steps of: 
and a first undercut surface and said second center 30 threading a run-out thread section on one of the con- 
shoulder including a second shoulder and a second nection members located between its center shoul- 
undercut surface. der and leading terminal end with a thread section 

100. The tubular connection of claim 99 wherein at on the other connection member; threading a run- 
least one of said first and second shoulders sealingly out thread section on the other connection member 
engages one of said first and second undercut surfaces. 35 located between its center shoulder and leading 

101. The tubular connection of claim 99 wherein said terminal with a thread section on the one of the 
first and second undercut surfaces each have a portion connection members; and engaging the center 
thereof which interferringly engages said second and shoulders to form a seal between the two connec- 
first shoulders respectively. tion members. 

102. The tubular connection of claim 99 wherein said 40 107. The method of claim 106, wherein the thread 
first shoulder and first undercut surface form a first sections threading with the run-out thread sections are 
surface extending therebetween and said second shoul- run-in thread sections. 

der and second undercut surface forming a second sur- * » * » * 
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